This paper is to suggest a means by which confidence limits may be placed around the Epi-& Hypocenter values that are evolved, concurrently and in real-time, on the detection of an increasing number of P-wave first arrivals, by the present algorithm.
Introduction

Aims, Uses and Properties
The aim of this paper is to demonstrate that • The algorithm structure described below will produce results in close accord with the received values
• This overall structure is capable of assessing the error (to given levels of significance) in this output. The authors feel that the algorithm shall be employed as a rapid and lightweight front-end for possible Earthquake Early Warning (EEW) systems. By using incoming data to rapidly evolve solutions for
• Epicenter and Hypocenter coordinates
• Take-off angles for events in real-time, there can evolve, from an initial small set of onsets, localizations of increasing accuracy. It must be emphasized that only the timings of P-wave first arrivals are initially required from the activated stations, and this, being one of the clearest observations an automatic energy-onset detection system can make, would make it a prime candidate for inclusion in the overall software architecture of a centralized facility supporting EEW.
The build-up to this algorithm is given in detail in references from (Daglish G. R. & Sizov Yu. P. 2011) , to reference (Daglish G. R. & Sizov Yu. P. 2014. 2ECEES) . In (Daglish G. R. & Sizov Yu. P. 2013) there is given a short explanation of how the algorithm appears to branch out from the main progression, being table-driven and dependent on pre-calculated tables for use in an "interpolative tabular scan"
As stated these tables are 5-fold 1. Travel times for rays from each depth point in a set of depth points to a set of specific colatitudes 2. Take-off angles for each ray so treated 3. Callibration data for later interpolation to correct error due to the ray tracer's occasional nonconvergiance 4. Accuracy data monitoring the degree of convergence of each ray traced
Path length of each ray
These five tables are also accompanied by a Log of non-convergence which lists those points at which the P2P ray tracers did not achieve the required accuracy.
The timing for the primary (see below) algorithm is ~0.7 s/station for a set of 4 to 8 stations; ~1.3 s/station for a set of up to 30 stations and ~2.15 s/station for a set of up to 45 stations, running on a 3.2 GHz processor.
Data Structures and Modus Operandi
The theory alluded to in the Abstract, above, is implemented in the routine:
ETTST 16.cpp
This routine will evolve a set of sequential solutions or localisations as it accrues data from elements in the network surrounding the event. Each localization is accompanied by the following vector of information: This set of vectors, produced sequentially, is destined for the output file:
ABTrackedData.txt
As stated the main point for the Algorithm is to produce an Epicenter/Hypocenter pair together with an error assessment. In the above vector definition we can see that the output fulfills this. The program ETTST 16.cpp incorporates two scanning algoritms in tandem:
1. A primary algorithm which produces the primary Epicenter/Hypocenter pair.
2. A subsequent algorithm, which takes the Epicenter from the afore-mentioned pair and, knowing this, performs a scan for a secondary Hypocenter. The two Hypocenters thus found tend to agree closely.
This program performs a restricted emulation of the output of an Earthquake event in so far as it takes in data (P-wave onset times) from stations (with corresponding station coordinates) in strict sequence but does not attempt to emulate the real time buffering that would be necessary if the emulation stuck to the actual time differences between the incoming data items.
The file which contains the input data for the entire process associated with one Earthquake is:
HypoCentreData.txt.
The output from ETTST 16.cpp, apart from a narrative to the monitor, goes in the following directions, (these Data tables apply to a single, unique earthquake): 
Method
Overview of Software Action
The processing of each localization proceeds in 5 main phases (for symbols, see above):
1. The production of the next Epicenter/Hypocenter pair ( ) In phase 1: to screen and eliminate if necessary data used for the primary algorithm, within that algorithm
In phase 4 and 5: to screen and eliminate if necessary elements of the series of localized:
and to use the resulting map of eliminations in generating:
The means whereby the "best estimates" are produced and how the Chauvenet procedure is implemented are described at Appendices B and C.
The system is tested by taking each of 7 known Earthquakes and passing their data through the routine ETTST 16.cpp (see above).
Summaries of these known Earhquakes are given at 
Algorithm Fine Detail
This section deals with the location procedures as mentioned at the outset and is largely paraphrased and quoted from Daglish G. R. & Sizov Yu. P. 2ECEES 2014. We begin with the scanning process. Although there appear to be two possible ways of scanning within this context:
1. that which makes use of a prior estimate of the coordinates of the event epicenter, here the secondary process 2. that which makes no such use of prior esrtimation, here the primary process.
space dictates that only the second, and more important, type will be dealt with in detail here.
The co-latitudes and longitudes of the set of active stations are formed into a set of Cartesian co-ordinates within the Earth space-frame. These are to be used later in the localisation calculation which is used to derive the Epicentral position.
The next step is the organisation of the set of P-wave first arrival times into a set of differences forming a fixed "Timing Template". Having formed these two sets of information the scan commences by:
• Interpolating an entire co-latitudinal row of timings (P-wave 1 st arrivals from the tabular Structure referred to above) for the next depth-point reached in the scan.
• Laterally scanning the fixed "Timing Template" along this interpolated row to generate co-latitudes corresponding to its elements by reverse interpolation.
• The above two processes are repeated for each of the set of depth points which form the scan and the smallest local minimum of the indicator so found is taken to define the Epicentral co-ordinates, ε , and the Hypocentre Depth, H d .
To repeat this in plainer language: an actual fixed "Time Template" for the lateral scanning procedure consists of a set of differences:
The base in time for the lateral scan is defined as 0 T , and the template is shifted across the depth-interpolated time row as: γ " is the unknown angle giving the immaterial orientation of the frame of the Table to the Earth space-frame. AC is a chord subtanded from the point of match, C, to the "epicenter pole" of the Table at 
Results
Although there are 7 Earthquakes in the process, only the results of the 7 th will be fully presented, since space does not allow for all 7. However the results for the entire set can be made available on request.
All subsequent figures 2 to 7 apply to Earthquake 07, Santa Cruz Islands. The sequences of localisations found by this algorithm generally are characterized by an initial "erratic" or "transient" period followed by a phase when the output is stabilized around a more or less constant set of values. This is shown in Figure 3 which displays the output from the first localization usng 4 stations to 12 th localization, using 15 inputs. 2015 Figure 2 shows a comparison between the RMS for residuals arising from the final Epicenter calculations and threshold values formed from a percentage of the mean of the radii also involved in the same calculation. It can be seen that the first points (5 to 15) are more erratic than those subsequent to point 15, which remain on a more regular "trajectory". This characterizes the transient phase for this set of localizations.
The zones 5 to 15 in figures 2 and 3 are complementary with the erratic behaviour in 3 corresponding to the disturbed zone in 2.
Herafter most of the graphs begin at about the level of 15 inputs (i.e. the 12 th localization). In fact the calculations establishing the confidence intervals (see Appendix C) do not output until they have accumulated 10 points of data to form mean-and sigma-values. Because of this initial wildness of the output, the confidence intervals tend to be wider at the start.
The effect of the Chauvenet rejections, (also see Appendix D), is discussed in the next section, "Results". 
Discussion of Results
The main features to note are that:
• The Hypocenter was delivered at 251.0 8.0 ± kilometers
•
The Epicentre was delivered at12.2266 /167.144 S E.
• The distance between the delivered Epicenter and the the received value was By consulting Appendix D it can be seen that the evolution of the Confidence Intervals follows more or less closely the gradually increasing number of rejection of localizations by the Chavenet test.
The results arising from the processing of Earthquake 07 (Santa Cruz Islands), and given here, would appear to show that this algorithm which concurrently delivers Epi-& Hypocentres by "interpolative tabular scanning" is capable of monitoring the accuracy of its output reliably and in real-time. 
